Abstract: Effectively incorporating research elements into the classroom continues to be an important aspect of graduate engineering education. In this paper, we present an overview of a semester-long research project for a graduate course in Capital Budgeting. At the core of the project is a student-developed Capital Budgeting simulation model. This model is used both as a tool for examining the effectiveness of existing capital project ranking methods such as IRR, NPV, and Payback, and also as a research platform for testing new ranking and selection methods. The project consists of three phases. The first phase is comprised of individual work where students design and program a basic Capital Budgeting simulation model using Microsoft Excel and Visual Basic for Applications (VBA). During the second phase, students transition into small self-selected teams to validate and then expand the simulation to include more financial elements. This work is performed over the first two-thirds of the semester. The third phase involves teams investigating various project ranking and selection techniques available in the peer-reviewed literature and then using the simulation model to perform experiments comparing those techniques. Students also design and examine new capital project selection techniques that can be applied either to the general Capital Budgeting problem or to specific realworld situations. The project concludes with each team presenting the results of their work to the class.
Introduction
In this paper we discuss our approach to administering a semester-long project in a graduate course that focuses on Engineering Economy, Capital Budgeting, and cost analysis topics. The project involves the development of a simulation model using Microsoft ® Excel ® and Visual Basic for Applications ® (VBA) for the purpose of investigating the classic investment problem of maximizing wealth in a capital-rationed environment. Simulation is a tool that is widely used in financial analysis and is commonly used in finance-related courses 1, 2 , and this particular project has its origins in work that one of the authors did with Professor Gerald W. Smith at Iowa State University 3 . It has been modified and enhanced throughout several years of use in the graduate programs at Western Michigan University.
The project is a year-by-year simulation of the traditional project ranking/selecting, capital recovery, and reinvestment processes that characterizes the Capital Budgeting activities found in many organizations. The objectives of the project are to reinforce financial concepts learned in the course, to further emphasize to students the value of simulation for analysis and research, and to provide a platform for students to carry out experiments for course-related research.
The use of VBA to construct the simulation and our approach to instruction are interrelated. The use of programming to set up and conduct experiments is widely used in research, and we believe that by leveraging students' relative comfort with Excel as they become accustomed to VBA the burden of learning a new programming language is eased. It is our experience that the vast majority of students are familiar with Excel, but relatively few are familiar with VBA. Additionally, although Monte Carlo simulation is widely used in finance-related courses, it is not particularly well-suited for this project. The year-by-year approach, the number of projects ranked, and the need for flexibility in extracting and tabulating intermediate data would render a model based purely in Excel unwieldy due to the volume of iterative spreadsheet calculations.
One strength of this project is that the simulation model itself is developed in parallel with the introduction of financial concepts. Students must understand these concepts well in order for them to be effectively integrated into the model. Although challenging for students early on in the semester, we believe there is great value in students working with the two new subjects (Capital Budgeting and VBA) over time and within the same context (the simulation). Development work is distributed throughout the first two-thirds of the semester to create a sense of flow in relation to the topics of the course. After development, students use the remainder of the semester to examine peer-reviewed literature in order to find other methods for ranking and selecting projects, to design new or novel approaches to project selection, and to modify the simulation model to better reflect real-world operating environments. Students then use the simulation model to perform experiments and test hypotheses related to research objectives they define.
Of course, there are challenges to this approach, not the least of which is the relatively short time students have to learn and apply a new programming language. As with most instructional challenges, finding the right approach for the situation is more desirable than attempting to balance between extreme options (leaving students to learn on their own versus providing a complete tutorial on VBA programming). Our intent here is to introduce the approach taken for this course in order to highlight those aspects we believe are most critical to success.
Instruction Overview
The project begins during the first week of class and concludes during the last meeting. The project is administered in three phases, with the model-building activities performed during Phase 1 and Phase 2. Phase 1 of the project consists of two individual assignments (A1and A2) that when completed will produce, in rough form, the working simulation model. Phase 2 requires students to self-select teams and to continue developing the model by way of three assignments (A3 through A5). The first assignment of Phase 2 (A3) involves correcting, simplifying, and validating the functionality of the model. The second assignment (A4) involves adding the ability to borrow capital and creating an income statement for the purpose of incorporating depreciation, interest, and taxes. Once these first two assignments are completed, teams are given a third assignment (A5) consisting of investigating a small research-based problem using the model. Phase 3 consists of a single assignment (A6) in which teams are given the task of reviewing academic literature in order to better understand both historical and contemporary perspectives on Capital Budgeting. The findings of the literature review are then used to test different ranking methods that have been either drawn from the literature or developed by the team. Students are also encouraged to add elements of realism, risk, and variability to the models. Table 1 provides information pertaining to the sequence of assignments, classroom instruction time dedicated to each assignment, duration of the assignment, and the percent value of each assignment in relation to the overall project score. Specific requirements for each assignment are discussed in the following sections.
The evaluation criteria varies by assignment and is based on the individual requirements of the work and their relation to the broader objectives for the course. During Phase 1, when students are just learning to program, the emphasis is placed on effort that is evidenced by an attempt to The underlying objectives of A1 are for students to become familiar with VBA programming and to conceptualize the logic of the model. The specific requirements of the first individual assignment are shown in Figure 1 . Students are given instruction on the basic logic sequence for the simulation and on best practices for using VBA in conjunction with Excel. The basic logic sequence is described in Figure 2 . This sample material represents a three-year simulation that students may use as a template for model construction, for checking the underlying logic of their program, and for validating the calculations for annual cash flows, Net Present Value (NPV), and Payback, which are all dependent upon the randomly-generated projects.
The layout of the simulation in Excel is an important component of successful development, and strategies for constructing the simulation are discussed during the introduction to A1. The example shown in Figure 2 depicts one possible layout, and represents the layout we recommend to students. The primary advantage of the layout is that the simulation model can essentially be contained to a single worksheet, allowing cash flows and ranking parameters to be viewed (and validated) easily. This layout also allows the use of Excel's data sort functions for ranking A1 Requirements 1. Create a Capital Budgeting simulation model using VBA and Excel to evaluate the performance of three project ranking methods (Payback, IRR, and NPV). The simulation will operate on a year-by-year basis for 5 years where some initial amount of capital is used to invest in projects at Time-0, and any remaining capital plus financial returns are used to reinvest in subsequent years. After 5 years of investing, sum any remaining capital with any uncollected returns to determine overall the total amount of wealth possessed, called here Net Wealth. 2. Projects will be created using probability distributions for their various parameters. These and other important simulation parameters are: projects (e.g., greatest to least according to IRR), thereby eliminating the need for students to write sorting algoritms early in the project. When a binary variable for selecting projects is used as shown in Column A of the Figure 2 , the layout becomes well-suited to integrating Excel's native solver platform, which is required in A3. The layout is also convenient for transferring the information into a programming array to speed up calculations as students' programming skills mature. The purpose of the recommended layout is not to constrain students (there are many approaches that can be taken), but to prevent poor choices which result in large, overlycomplex models that span several worksheets.
The output for the simulation at this phase is the Net Wealth that results from investing. In the example shown in Figure 2 , initial capital of $50,000 is used to select projects for a three-year period. Corresponding parameters from Figure 1 include # of projects available the first year, which in this case is five, and the yearly increase in projects, which is two. Individual projects are generated using similar parameters for project life and project first cost as those shown in Figure 1 . In this example projects are ranked according to IRR and the resulting Net Wealth is $2,098,593. This represents one replication for one ranking method (IRR Step 1: Beginning of Year 1, there is enough initial capital ($50,000) to buy 2 of the ranked projects.
50,000 -382,579 = 117,421
Step 2: At the end of Year 1, cash from the projects are collected (186,634) and combined with capital left over.
117, 421 + 186,634 = 304,055
Step 3: Beginning of Year 2, there is enough capital (304,055) to buy 1 of the ranked projects available.
304,055 -219,105 = 84,950
Step 4: At the end of Year 2, collect cash from projects (287,698) and combine with capital left over.
84,950 + 287,698 = 372,648
Step 5: Beginning of Year 3, there is enough capital (372,648) to buy 3 of the ranked projects available.
372,648 -331,935 = 40,713
Step 6: At the end of Year 3 (also the end of the buying), tally all uncollected cash from projects & left over capital.
40,713 + 2,0570880 = 2,098,593
For programming, we emphasize simplicity over sophistication and encourage students to leverage the visual power of Excel to build the model. Using VBA to perform calculations (e.g., calculating returns using the PMT function) and placing numerical values in the cells instead of spreadsheet formulas is often very counterintuitive for students. Other key programming topics and VBA syntaxes are discussed. We demonstrate the use of the most essential programming elements such as Do and For loops, the use of variables, how to reference cells using VBA's Cells, Range, With and Offset objects/statements. Although we list an optional VBA reference text 4 , we have not found textbook references to be helpful in the context of this project. We provide an Excel file containing code that demonstrates all of the essential syntax and programming constructions needed to complete the first several assignments (and in reality, to complete the project). We generally discourage students from relying on code from recorded macros to form any central part of the model, but discuss how macros can be useful in learning about the capabilities and syntax of VBA.
The principal objectives for A2 are to improve understanding of VBA and to create a working simulation model that operates as intended and produces the expected results for Net Wealth. Students are asked to expand the work begun in A1 by adding additional ranking methods, operating the simulation for 10 years, and tabulating information on each project selected. Employing programming loops, variables, parameters to control the operation of the simulation, and functions to collect intermediate data are required at this time. The additional ranking methods include Annual Worth (AW), AW divided by First Cost (AW/FC), NPV divided by First Cost (NPV/FC), and random selection to serve as a basis for comparison.
Upon completion of Phase 1 students self-select teams that will work together for the remainder of the semester, usually consisting of 3-4 members. There are multiple considerations when forming groups for project-based coursework, and we tend to agree with some of the arguments in favor of self-selected groups 5 for this project. However, in order to overcome some of the natural problems that accompany team-based projects 6 we stipulate that each student demonstrate a minimum level of competence with VBA and demonstrate a minimum conceptual understanding of the goal of the project before being allowed to join a team. Students who do not are required to either continue developing the simulation model individually until they demonstrate competence or to take a programming quiz. Very few fail to demonstrate minimum competency by the completion of A2.
Phase 2
The general requirements for each assignment in Phase 2 are shown in Figure 3 . The objectives for the first team assignment (A3) are to have teams agree on a modeling approach, to correct any remaining logic or calculation errors, and to add the functionality necessary to solve the , and the instructional emphasis in this phase centers on the implementation of Solver to solve the BIP formulation as described by the course textbook 7 . It is at this time the rationale for the recommended layout becomes more evident to students.
The objective of A4 is to incorporate additional financial concepts into the simulation. Requirements include adding the ability to borrow capital using a prescribed debt ratio and incorporating the effects of interest expense, depreciation expense, and taxes by way of an Income Statement. This is perhaps the most challenging assignment for students, in-part because they are just being introduced to these concepts in the classroom but also because it is necessary to accommodate depreciation expense, interest payments, and principal payments on a projectby-project and year-by-year basis. With the introduction of the income statement, students are required to calculate both the NPV of remaining capital and future after-tax cash flows (ATCF) A3 Requirements 1. Make changes and corrections to a simulation model in order to meet all objectives set forth in A1 and A2, and validate the output versus target values. 2. Use the Classic Capital Budgeting Model in conjunction with Excel's Solver add-in to select projects on a year-by-year basis, and track Net Wealth for using this method for 30 replications.
A4 Requirements
1. Add the ability to borrow capital given the assumptions listed below:  Use a 20% Debt Ratio. Assume $480,000 of equity capital is available initially, and that up to $120,000 can be borrowed (Total Capital $600,000).  Assume an 8% interest rate on borrowed capital.  Assume debt is repaid using equal payments over the life of the project. 2. Add Straight Line depreciation to fully depreciate the First Cost of each project purchased over its life.
Add an Income Statement to the model for the purposes of calculating Earnings Per Share and After Tax Cash
Flow given the assumptions listed below:  Tax rate is 40%. 4. Add output tables to the simulation model for tracking NPV @ Year-10 and Earnings Per Share. 5. Include an area in the Excel portion of the model to allow all parameters from Assignment 1 to be changed, and ensure that the simulation model responds accordingly and is able to achieve the target values provided. after the investing period of the simulation has ended (Year-10), as well as the annual Earnings per Share from the Income Statement. These outputs represent both an operational profitability measurement and the traditional Engineering Economy metric of ATCF. The instructions are to assume that shares are issued at $10 per share to finance the initial equity capital investment of $480,000. In the same manner as for Net Wealth, target values for these new metrics are provided so that students may use them for model validation.
The instructional materials provided for this phase are drawn from a reference simulation model and include examples of the Income Statement plus information regarding strategies for tracking depreciation, debt payments, and interest payments. Certain assumptions for borrowing and depreciation are made at this time. Straight Line depreciation is used to recover the entire first cost of a project over its life (zero salvage value). Regarding borrowed capital, the stipulation is that projects are purchased with a capital ratio equal to the assumed debt ratio and that borrowed capital is repaid in equal annual payments over the life of the project. However unrealistic from a real-world operations perspective these assumptions may be, they are necessary to simplify the coding within VBA, and are subsequently relaxed in Phase 3.
The final assignment in Phase 2 (A5) introduces students to concepts related to experimentation and research using the simulation model. In A5 students are asked to find the cut-off rate of return (CoROR) using two estimation procedures (See Figure 3) and to use this estimated rate in place of the given discount rate. We assume here that the discount rate and the Minimum Attractive Rate of Return (MARR) are one and the same. In the context of the capital budgeting simulation the CoROR can be described as the IRR of the last project purchased when projects are ranked according to IRR. A comparison of results between simulations using the assumed MARR and CoROR is performed to observe the effect on financial performance and the characteristics of the projects selected. The intent here is to illustrate how the discount rate, which is often taken for granted in financial calculations, can have significant influence over returns and the characteristics of the projects selected. As an example, Figure 4 displays average first costs for all projects purchased when the MARR is varied for three ranking/selection methods. By constructing similar graphics, students will be able to observe the effect that changing the discount rate has on a variety of outputs, including Net Wealth, NPV at Year-10, Figure 4 -Project First Cost by Simulation MARR average project life, and average project first cost. If their model is constructed properly, students will observe that the convergence of many of these outputs occur near the CoROR, thereby demonstrating the value of exploratory research.
Phase 3
Upon completion of Phase 2, student teams will have constructed a functional simulation model that can be used as a research tool for investigating different project ranking/selection methods. Students should at this time also have a basic understanding of Engineering Economy principles and spreadsheet modeling techniques and should also be quite familiar with VBA as it relates to the construction of their simulation model. The final assignment (A6) involves reviewing the academic literature to identify alternate selection/ranking methods, and enhancing their models by adding elements of realism. Students are instructed to use their improved model to perform experiments in order to test hypotheses they develop as a team.
By this point in the semester, students are very likely conditioned to believe that higher financial returns are always better and sometimes see A6 as a mandate to find ways to improve the financial metrics. However, our emphasis here is on adding realism to the simulation improvements, finding different or new ways to select projects, crafting well-designed experiments, and performing thorough analyses. Realism, which usually includes adding elements of risk and variability, will nearly always degrade financial performance. Although this assignment is intended to be open-ended, there are some common characteristics that emerge in students' final results. The most common changes students make to the simulation are adding variability to cash flows and adding optimistic-pessimistic-likely risk parameters to projects. The most common ranking method additions include the well-known MIRR, Discounted Payback, and Economic Value Added methods for selecting projects.
For A6, the instructional emphasis centers on how students may find articles in the peerreviewed literature using the university's library system and on discussing some possible A6 Requirements 1. Identify and test capital project ranking methods found in the academic literature. 2. Improve the simulation model by adding elements of realism. These can be from the literature, textbooks, your experience in industry, or other sources (e.g., various risk factors). 3. Develop and test new methods for ranking and selecting projects. 4. Perform experiments to compare performance of the various ranking methods relative to each other.
Suggestions for Simulation Model Realism and Research


Add elements of risk/variability of project performance, and incorporate those into project selection criteria.  Tailor the simulation to represent conditions from a specific operating environment or industry sector.  Add considerations for risks associated with future interest rates or capital availability.  Ranking methods that include risk assessments typically use parameters to quantify that risk (e.g., probabilistic assessments of pessimistic or optimistic scenarios). It is usually a good idea to perform sensitivity analysis on such parameters.  For any project selection method, be sure that it does not rely on the impossible, such as having a priori knowledge of future events or actual financial performance.  Begin your research with a financial concept or question your team finds interesting.
Figure 5 -Requirements for Phase 3 Assignment & Points of Emphasis strategies for adding realism including those listed above. The specific requirements given to student teams for Phase 3, along with points of emphasis passed on to students during the introduction to A6, are shown in Figure 5 .
Instructional Emphasis, Observations, and Evaluation of Recent Changes
Over time we have come to believe that the primary challenges to administering the simulation project stem from the initial learning of programming with VBA. Because the course focuses on Capital Budgeting it is natural that general financial concepts become refined over time.
Moreover, student understanding of simulation grows over time because other assignments given throughout the course make use of an Excel-based Monte Carlo simulation package. However, it is not our experience that student comfort with VBA programming naturally becomes refined to the same degree within the context of this project. Computer programs tend to become very large and "entangled" over time and can be very difficult to "detangle" quickly. We believe that emphasizing fundamental techniques to simplify and streamline the program early on and gearing these techniques toward those inexperienced with VBA can help reduce the likelihood that students' programs will become very large and cumbersome to modify.
One example of a programming technique that is important to learn is the combining of variables and programming loops with various simulation parameters, such as the # of years to invest, # of projects available the first year, and yearly increase in projects. When treated as variables and combined with algebraic expressions for an arithmetic sequence, the parameters mentioned can be leveraged to fully control the creation of the randomly-generated projects. They can also be leveraged to identify locations of interest within the spreadsheet (or within a programming array) for project ranking and selection. We illustrate this technique in class with the information shown in Figure 6 . This is perhaps the most detailed code example we provide. It is intended not only to assist students in learning how to use variables and expressions, but also to show how VBA's Offset property is used and to further illustrate our recommended layout for the simulation. Programming techniques such as those illustrated in Figure 6 can dramatically reduce the number of lines of code needed for the simulation, but these are techniques a novice programmer will not likely be aware of without specific instruction. We believe the most essential techniques for this project can be summarized by the points listed in Figure 7 .
The instructional emphasis as described in this paper has long been a part of the course but has been applied in a more focused fashion in the two most recent semesters through the use of newly-developed instructional materials. While the volume of instructional materials precludes fully describing them in this paper, and their efficacy will be determined over a longer period of time, it is possible to make a few initial observations. Figure 8 presents a comparison between key evaluation characteristics observed in models from the most recent semesters without (Before) and with (After) the new instructional materials and emphasis.
This comparison is comprised of models submitted by students for A4. A total of seven models were available for comparison from the semester prior to the instructional changes, and nine models were available from the semester after the changes. Each model was examined for four criteria: 1) The use of nested loops in the programming, 2) the use of variables/code to control all simulation functions according to the parameters provided in A1, 3) the correctness of Income Statement calculations, and 4) the successful integration of debt capital into the simulation. These criteria represent a continuum of both time and difficulty in relation to the construction of the simulation model. Nested loops are an essential component and are easy to implement during A1. Parametric control is more difficult, but is something that should be implemented by the completion of A3. As mentioned previously, adding an Income Statement is often very challenging for students, and the use of Debt Capital even more so. These are often not fully implemented until after A5 is complete.
 Utilize VBA to perform calculations rather placing formulas in the spreadsheet (e.g., PMT, NPV, or calculating Payback). Our recommendation is that no spreadsheet formulas are used, except for those necessary for optimization using Solver.  Utilize programming loops, specifically For and Do loops, starting with the first assignment.  Utilize variables and parameters to control as many aspects of the simulation as possible beginning with the first assignments (e.g., number of replications, random distribution characteristics, the minimum attractive rate of return).  Practice extracting and compiling intermediate results into a spreadsheet database for analysis early on in the development process.  Choose a layout for the spreadsheet that facilitates visual validation of calculations (similar to that shown in Figure 2 ) when "stepping through" the program.  Choose spreadsheet layout that allows for easy implementation of Excel's native Solver platform. A scoring system ranging from 0.00 to 1.00 was applied to this comparison. A score of 1.00 indicated that the criteria was met, a score of 0.75 indicated that the criteria was met but small errors were found, and a score of 0.50 indicated an attempt was made to meet the criteria but significant errors exist. A score below 0.50 indicated that no attempt was made or that very significant errors were made. Recall that the goal upon completion of A4 is not to have a fully valid model, but rather to have a solid model framework that can be corrected easily and validated upon completion of A5. The rationale for evaluating the characteristics here is that early instruction on programming best-practices should result in fully parameterized models after A3 is submitted. If accomplished, it is more likely that students will successfully integrate the Income Statement and debt capital into the simulation.
The results of the comparison seem to indicate a positive shift. The most significant improvement is that all the models developed after the instructional changes were fully controlled by parameters. There was also a positive shift in that student teams were more successful in regards to incorporating borrowed capital. Additionally, an overall improvement was observed in the accuracy of Income Statement calculations. (Note: Any calculation errors associated with the Income Statement are usually addressed by the end of the project.) Student teams both before and after the implementation of instructional changes were successful in using nested loops.
Discussion
The course in which this project is administered is a requirement for multiple graduate programs, including the M.S. and Ph.D. in Industrial Engineering and M.S. in Engineering Management. Students come to the course from a wide array of professional disciplines, undergraduate majors, and cultural backgrounds, and they have varying degrees of comfort both with financial topics and computer programming. There is a healthy mix of full-time and part-time students. Attempting to make a general statement about how any of these factors influence student success, except perhaps for a background in programming, would be a mistake. Our motivating interest is simply to better understand what kinds of instructional methods and support are most effective in helping students develop a working simulation model that can be used for courserelated research. While the changes to instructional materials give specific guidance on how to program the most complex aspects of the simulation and a complete model could be developed from the sections of sample code provided, they are not intended to provide a full tutorial on how to develop the model. We leave it to students to use the materials as they see fit. Some students seem to prefer to forgo using reference material altogether and complete A1 and A2 using a combination of macro-generated code and very rudimentary programming structures. Once project teams are formed, the actual programming work is usually performed by one or two ambitious individuals who enjoy the work while the remaining group members contribute in other ways. This seems to work well for students, and anecdotally there have been relatively few complaints regarding the distribution of the workload in the project.
However, despite the modest improvements observed in the initial comparison here and a handful of positive comments from students, it is worth asking what else can be done to improve the process so that students are even more likely to begin Phase 3 with a working, valid model that can be modified further. Our belief is that adding additional reference material without first considering whether or not it will help the larger goal of in-class research is counterproductive. Past attempts to provide nearly-complete sections of code or Excel templates to get the coding process started have not substantially improved the final results. It can also be argued that without an in-depth knowledge of how the model is constructed, modifying it to add realism or to test other ranking methods would be extraordinarily difficult. Without question, there is an element of this project that simply requires a focused effort to learn enough about VBA programming to complete the job.
Our intention with the recent changes was to provide more precise requirements for what we believe are the most critical aspects of the work and to provide instruction and reference material to support those objectives. The ultimate responsibility to make use of those resources still lies with the students and teams. To help determine whether or not this approach has practical value, we intend to perform more in-depth analysis that includes examining additional assignments (e.g., A2 and A6) and additional programming aspects (e.g., lines of code, amount of macrogenerated code, accuracy of output), while expanding the analysis to include additional semesters.
